Aerobic fitness has previously been related to cognitive control in preadolescents; however, these investigations have generally relied on global measures of performance. Thus, we have little understanding of how aerobic fitness may relate to trial-by-trial modulations in cognitive control. This study utilized congruency sequence effects (CSEs), which characterize how behavior on the current trial is influenced by the previous trial, to investigate the relation of aerobic fitness on varying levels of cognitive control. One hundred eighty-seven children completed tests of aerobic fitness and a flanker task. Regressions were performed to determine relationships between CSE sequences and aerobic fitness while controlling for other potential confounding factors (e.g., age, sex, IQ). Lower-fit children were less able to modulate cognitive control during sequences requiring relatively less cognitive control. Additionally, lower-fit children were less able to adjust for variable levels of cognitive control during relatively more difficult sequences. Lastly, lower-fit children had longer reaction times (RTs) for all sequences in the condition requiring greater amounts of cognitive control. These findings corroborate the importance of aerobic fitness for cognitive control in school-aged children, and extend the literature by demonstrating a relationship between fitness and trial-by-trial modulations in control demands.
Introduction
Reduced aerobic fitness levels in children (Olds, Tomkinson, Leger, & Cazorla, 2006; Salmon & Timperio, 2007 ) remain a growing concern as opportunities for physical activity are continuously being obviated from the school day Howie & Pate, 2012) . Such a trend is particularly worrisome as sedentary behaviors have increased (Vaynman & Gomez-Pinilla, 2006) along with rates of obesity and type-2 diabetes (Eisenmann, 2003) . Surprisingly, these changes have occurred despite findings that less aerobically fit children exhibit poorer performance on tests of academic achievement and other cognitive outcomes (Buck, Hillman, & Castelli, 2008; Castelli, Hillman, Buck, & Erwin, 2007; Chaddock, Erickson, Prakash, Kim, et al., 2010; Chaddock, Hillman, Buck, & Cohen, 2011; Chomitz et al., 2009; Dwyer, Sallis, Blizzard, Lazarus, & Dean, 2001; Eveland-Sayers, Farley, Fuller, Morgan, & Caputo, 2009; Hillman, Buck, Themanson, Pontifex, & Castelli, 2009; Monti, Hillman, & Cohen, 2012; Scudder et al., 2014) , leading many to suggest that schools should reconsider sacrificing daily physical activity opportunities for additional classroom time (Durant et al., 2009 ). Additionally, previous research has indicated that aerobic fitness plays an important role in the brain health of children (Chaddock, Pontifex, Hillman, & Kramer, 2011) .
Cognitive control is one aspect of cognition that has received much attention due to its relationship with educational outcomes (Diamond, Barnett, Thomas, & Munro, 2007; Howie & Pate, 2012) and health behaviors (Diamond, 2013) . It refers to top-down, goal directed behavior, and is comprised of inhibitory control (the ability to gate out distracting information or refrain from executing a prepotent response), working memory (the ability to store, maintain, and manipulate information within a brief period of time), and cognitive flexibility (the ability to shift attention and alter response strategy in response to changing task demands). Cognitive control is of considerable importance in children due to its underlying beneficial associations with academic performance (Diamond & Lee, 2011; Diamond et al., 2007) opmental trajectory throughout childhood (Luna, 2009) . Further, health behaviors and outcomes such as physical activity, aerobic fitness, and body composition have been found to relate to cognitive control performance (Hillman, Khan, & Kao, 2015) . As such, there is continued interest in gaining a more comprehensive understanding of the beneficial relationship between aerobic fitness and cognitive control in children.
The Eriksen flanker task has been used extensively to study aspects of cognitive control, (Eriksen & Eriksen, 1974) and has helped reveal the importance of demographic factors, such as socioeconomic status (SES) , that influence its development (Mezzacappa, 2004) . In one version of this paradigm, participants are presented with an array of five arrows and are instructed to respond according to the directionality of the central, target arrow. Stimulus-congruent trials, which place low demand on cognitive control, involve flanking stimuli that are oriented in the same direction as the central target stimulus, whereas stimulus-incongruent flanking stimuli are oriented opposite to the target and require greater cognitive control to overcome perceptual interference. As a result, stimulus-incongruent trials result in greater difficulty as evidenced by longer reaction time (RT) and lower accuracy compared to stimulus-congruent trials Voss et al., 2011) . Task difficulty can be further increased by introducing a response-compatibility manipulation, wherein participants are instructed to respond either in the same direction (response-compatible) or in the opposite direction (responseincompatible) of the central target stimulus (Friedman, Nessler, Cycowicz, & Horton, 2009) . Studies investigating fitness effects on cognitive control as indexed using the flanker task have found that lower-fit children demonstrate poorer overall performance (longer RT and decreased accuracy) when compared to their higher-fit peers (Chaddock, Erickson, Prakash, VanPatter, et al., 2010; Chaddock, Hillman, et al., 2012; Scudder et al., 2014; Voss et al., 2011) . Additionally, lower-fit children are disproportionately affected by tasks that require greater cognitive control demands, resulting in poorer performance compared to higher-fit children in stimulus-congruency manipulations (Chaddock, Erickson, Prakash, VanPatter, et al., 2010; Kamijo et al., 2011; Scudder et al., 2014; Voss et al., 2011) as well as responsecompatibility manipulations Scudder et al., 2014) .
A study conducted by found that lower-fit children were less able to flexibly modulate cognitive control as evidenced by a lack of modulation of the event related negativity (ERN) component, which is thought to reflect action-monitoring processes to enact top-down compensatory mechanisms in response to conflict or erroneous behaviors (Gehring, Liu, Orr, & Carp, 2011) . Additionally, these children experienced greater response conflict, reduced attentional allocation, and slower processing speed, as indexed by increased N2 amplitude, decreased P3 amplitude, and increased latencies, respectively . Taken together, these findings suggest that not only is lower aerobic fitness associated with decreased overall cognitive control performance and less optimal neuroelectric profiles, but that these associations are greatest as task demands increase. Despite the robustness of these findings, researchers have yet to understand why this pattern of behavior occurs. Although some studies have suggested that higher-and lower-fit participants may elicit different cognitive control strategies to maintain performance Voss et al., 2011) , the observed findings may also be explained, in part, by the ability to overcome specific cognitive control demands encountered from sequential modulation of trial-by-trial congruency, also known as the 'Gratton Effect' or 'congruency sequence effect'.
Congruency sequence effects (CSEs) allow insight into cognitive control ability under varying levels of cognitive demand, making them particularly useful for unveiling further details about the selective differences observed between higher-and lower-fit children. CSEs identify trial sequences that require greater levels of cognitive control, and are more likely to cause a behavioral misstep resulting in an incorrect response or delayed RT. The initial discovery of CSEs was reported by Gratton, Coles, and Donchin (1992) , who discovered that stimulus-incongruent trials preceded by a stimulus-incongruent trial showed better performance than those preceded by stimulus-congruent trials. Typically, stimuluscongruent trials (n) preceded by a stimulus-congruent or stimulus-incongruent trial (n À 1) are described as cC and iC, respectively, with the preceding trial represented by a lower case letter. Similarly, stimulus-incongruent trials (n) preceded by a stimulus-congruent or stimulus-incongruent trial (n À 1) are described as cI and iI, respectively. Typical CSEs findings show that cC sequences are associated with the fastest and most accurate responses, while cI sequences are associated with the slowest and least accurate responses. Additionally, iC and iI sequences result in RTs that fall in the middle, with iI sequences having longer RTs and lower accuracy.
One interpretation of CSEs is described by the conflictmonitoring theory (Botvinick, Braver, Barch, Carter, & Cogen, 2001) , which holds that CSEs arise when conflicting information (i.e., conditions requiring greater amounts of inhibitory control) is detected and inhibitory control is modulated to meet these demands. As such, inhibitory control is temporarily upregulated following greater amounts of conflict and temporarily downregulated following lower amounts of conflict. As such, CSEs provide a window in which to examine online adjustments in inhibitory control (Duthoo, Abrahamse, Braem, Boehler, & Notebaert, 2014 ). An alternative explanation is provided by the feature integration hypothesis (Hommel, Proctor, & Vu, 2004; Mayr, Awh, & Laurey, 2003) , which holds that during a trial, stimulus and response features become temporarily bound together into a single episodic memory representation. Thus, on subsequent trials, if common features of the stimulus-response representation are detected then the other features will automatically be activated. As a consequence, the necessity of updating working memory may be different between sequences with complete stimulus repetition and sequences with partial stimulus repetition. That is, cC and iI sequences involve complete stimulus repetitions and require less working memory updating, resulting in superior task performance. In contrast, iC and cI sequences involve only partial stimulus repetitions and require more working memory updating, resulting in reduced task performance. Kamijo and Takeda (2013) found that when comparing active versus inactive participants, the inactive participants did not show the expected improvements in iI sequences compared to cI sequences, possibly due to the inability to take advantage of the upregulation of cognitive control. Accordingly, the present study sought to investigate whether CSEs are influenced by aerobic fitness given previous findings that lower-fit children demonstrate poorer performance on measures of cognitive control (Chaddock, Erickson, Prakash, Kim, et al., 2010; Chaddock, Erickson, Prakash, VanPatter, et al., 2010; Chaddock, Hillman, et al., 2012; Scudder et al., 2014; Voss et al., 2011) , particularly during high cognitive demand trials (Chaddock, Erickson, Prakash, VanPatter, et al., 2010; Voss et al., 2011) . As such, this study sought to manipulate multiple levels of cognitive control by utilizing both stimulus-congruency and response-compatibility manipulations. It was hypothesized that lower-fit children would exhibit poorer performance during sequences with the highest cognitive demands. In particular, lower-fit children would demonstrate longer RT and reduced accuracy during the cI sequence, as they would be less able to upregulate inhibitory control and update feature information on incongruent trials following low conflict generated by the preceding congruent trial. Further, we predicted that higher-fit children would benefit from the upregulation of cognitive control after a higher demand trial and be better able to inhibit additional conflicting information and take advantage of feature information during iI sequences. Collectively, the results from this study will help determine how greater aerobic fitness is associated with more efficient online adjustments of cognitive control.
Methods

Participants
A total of 187 healthy preadolescent children between the ages of 8-9 from the East-Central Illinois region were used in this analysis. This sample was drawn from a larger sample of 229 participants from the FITKids intervention trial . Of the 229 participants, 25 were removed for not meeting aerobic fitness testing (VO 2 peak) criteria, 4 were removed for incomplete health and demographic information used in the analysis, and 13 were removed for outlier data in overall flanker performance (see Section 2.4 for criteria). Only cross sectional data derived from baseline measures were investigated for this study. Participants and their legal guardian signed informed assent and consent waivers approved by the Institutional Review Board (IRB) of the University of Illinois at Urbana-Champaign. Guardians were asked to complete a health history and demographics questionnaire as well as other documentation indicating that their child had normal or corrected-to-normal vision, was free of neurological diseases, and had no physical disabilities that could be exacerbated by exercise participation (Physical Activity Readiness Questionnaire [PAR-Q]; Thomas, Reading, & Shephard, 1992) .
Procedure
On the first visit, demographic information including age, gender, race/ethnicity, pubertal stage (Taylor et al., 2001) , and socioeconomic status (SES) were collected (Birnbaum et al., 2002; Hillman et al., 2012; see Table 1 ). SES was determined using a trichotomous index based on the following: (1) participation in free or reduced-price meal program at school, (2) the highest level of education obtained by the mother and father, and (3) number of parents who worked full-time (Birnbaum et al., 2002; Hillman et al., 2012) . Participants completed the Kaufman Brief Intelligence Test (K-BIT; Kaufman & Kaufman, 1990) to assess IQ, and the PAR-Q to screen for health issues that may be exacerbated by physical exercise. Participants were then fitted with a Polar heart rate monitor (Model A1, Polar Electro, Finland), had their height and weight measured (Tanita WB-300 Plus digital scale and stadiometer; Tanita Corp, Tokyo, Japan), and completed a maximal exercise test to assess aerobic fitness. On the second visit, participants performed a modified flanker task to assess cognitive control, and received $10/h for their participation.
Aerobic fitness assessment
Aerobic fitness was assessed using a test of maximal oxygen consumption (VO 2 peak) measured on a motor-driven treadmill following a modified Balke protocol (American College of Sports Medicine [ACSM], 2010) . This test employed a computerized indirect calorimetry system while participants' walked/ran on a motordriven treadmill at a constant speed with a 2.5% incremental grade increase every 2 min until volitional exhaustion. A Polar heart rate monitor (Model A1; Polar Electro, Finland) was used to measure heart rate throughout the test. Ratings of perceived exertion (RPE) were assessed every 2 min with the children's OMNI scale (a pictorial 10-point Likert scale ranging from ''not at all tired" to ''very, very tired"; Utter, Robertson, Nieman, & Kang, 2002) . Relative peak oxygen consumption was expressed in ml/kg/min and was based upon maximal effort as evidenced by: (1) a plateau in oxygen consumption corresponding to an increase of less than 2 ml/kg/min despite an increase in workload; (2) a peak heart rate P185 bpm (American College of Sports Medicine (ACSM), 2010) and a heart rate plateau (Freedson & Goodman, 1993) ; (3) RER P 1.0 (Bar-Or, 1983); and/or (4) ratings on the children's OMNI scale of perceived exertion P8 (Utter et al., 2002) .
Cognitive control task
Cognitive control was assessed using a modified flanker task, which has been previously used to measure children's ability to inhibit unnecessary or interfering information in the stimulus environment (Mezzacappa, 2004; Voss et al., 2011) . All stimuli were presented focally at a distance of approximately 1 m using Neuroscan Stim software version 4.5 (Compumedics, Charlotte, NC) and consisted of a child-friendly goldfish graphic amid bilaterally flanking goldfish. Stimuluscongruency was varied by manipulating the direction of the flanking fish in relation to the central target fish. Flanking stimuli were either stimulus-congruent (i.e., facing the same direction) or stimulus-incongruent (i.e., facing the opposite direction) to the central target stimulus. Stimuli, presented on a blue background, were 3 cm tall and appeared for 200 ms with a fixed inter-trial interval of 1700 ms.
In addition, two conditions were administered that manipulated response-compatibility. In the response-compatible condition participants were instructed to respond as quickly and accurately as possible with a thumb press according to the directionality of the target, while during the response-incompatible condition participants were instructed to respond in the opposite direction of the target. Two blocks of each response-compatibility condition were completed, and each block consisted of 75 trials with equiprobable stimulus-congruent and stimulus-incongruent trials. Response accuracy and (RT) were collected to assess behavioral performance. Outliers in the dependent variables were removed if they were less than 50% for overall accuracy and greater than 3 standard deviations for RT across response-compatible and response-incompatible conditions.
Congruency sequence effects
Sequential effect trial types were categorized by taking the n À 1 trial type (stimulus-congruent or stimulus-incongruent) and the current trial type (stimulus-congruent or stimulus- incongruent), which created four sequence trial types for each compatibility condition: (1) a congruent trial preceded by a congruent trial (cC), (2) a congruent trial preceded by an incongruent trial (iC), (3) an incongruent trial preceded by a congruent trial (cI), and (4) an incongruent trial preceded by an incongruent trial (iI), with the preceding trial represented by a lower case letter. The number of trials per condition ranged from 29 to 43. Response accuracy and RT were collected from the current trial (n) for each sequence trial type.
Statistical analyses
A 2 (response-compatibility) Â 2 (previous stimuluscongruency) Â 2 (current stimulus-congruency) repeated measures ANOVA was conducted to determine overall performance for each sequence type between the two response-compatibility conditions. Follow-up paired t-tests were used to investigate sequence differences within each response-compatibility. Bonferroni correction for multiple comparisons was used to adjust for six comparisons (p = 0.008). Initial Pearson product-moment correlation analyses (Table 2) were conducted for the dependent variables from the flanker task (RT and accuracy for responsecompatible and response-incompatible conditions across the cC, iC, cI, and iI sequences), fitness, age, sex (coded as 0 = female, 1 = male), SES, IQ, and pubertal timing to identify covariates for inclusion in the regression analysis. Hierarchical regression analyses were utilized to investigate variance in flanker task performance as it related to aerobic fitness (Step 2), independent of the variance associated with descriptive factors (Step 1). Assumptions of linearity, equality of variance, independence, and normality were plotted, inspected, and verified using Studentized residuals. Multicolinearity was not observed among any of the independent variables.
Results
3.1. General congruency sequence effects 3.1.1. Accuracy Fig. 1 Post hoc tests of the response-compatibility Â previous stimulus-congruency interaction indicated that the stimuluscongruent stimuli elicited increased accuracy during the response-compatible condition than the response-incompatible condition [t (186) The three-way interaction was decomposed by comparing previous stimulus-congruency Â current stimulus-congruency within each response-compatibility (compatible and incompatible). For Table 2 summarizes the Pearson product-moment correlation analyses for inclusion in step 1 of the regression analyses. Table 3 summarizes regression results for response accuracy. Further, given that the step 1 results are not central to the study aims, they are provided in Table 3 , rather than described herein. Hierarchical regression analysis indicated that individuals with lower-fitness exhibited poorer response accuracy across response-compatible cC (pr = 0.241), response-compatible iI (pr = 0.153), responseincompatible iC (pr = 0.210), and response-incompatible cI (pr = 0.158), t's P 2.10, p's 6 0.04, b's P 0.161; independent of the demographic factors entered into step 1. No associations were found between fitness and response-compatible iC and cI or response-incompatible cC and iI (pr 6 0.130, t 6 1.77, p P 0.08, b 6 0.138). Table 4 summarizes results for RT. Further, given that the step 1 results are not central to the study aims, they are provided in Table 4 rather than described in the text. Hierarchical analysis indicated that individuals with lower-fitness exhibited longer RTs across all response-incompatible sequences cC (pr = À0.192), iC (pr = À0.191), cI (pr = À0.182), and iI (pr = À0.190), t's P 2.50, p's 6 0.01, b's P À0.186; independent of the demographic factors entered into step 1. No significant findings were observed for response-compatible sequences, (pr's 6 À0.077, t's 6 1.04, p's P 0.30, b's 6 À0.080). 
Response accuracy regression
Reaction time regression
Discussion
Empirical evidence has indicated that lower aerobic fitness is associated with decreased cognitive control performance (Buck et al., 2008; Castelli et al., 2007; Chaddock, Erickson, Prakash, Kim, et al., 2010; Chomitz et al., 2009; Dwyer et al., 2001; Eveland-Sayers et al., 2009; Monti et al., 2012; Scudder et al., 2014; Voss et al., 2011) , as well as differences in brain structures including smaller volumes in the dorsal striatum and globus pallidus, which are regions of the basal ganglia that are involved in cognitive control (Chaddock, Erickson, Prakash, VanPatter, et al., 2010) . Further differences in subcortical structures were noted as a function of fitness, with smaller bilateral hippocampal volume, a brain region integral to aspects of memory, for lower relative to higher fit children (Chaddock, Erickson, Prakash, Kim, et al., 2010) . Additionally, measures of brain function collected using event related brain potentials (ERPs; Hillman, Castelli, & Buck, 2005; and functional magnetic resonance imaging (fMRI; Chaddock, Erickson, et al., 2012; Voss et al., 2011) have indicated beneficial associations between aerobic fitness and brain networks underlying cognitive control processes. To further understand this relationship, we investigated the temporal dynamics of cognitive control by utilizing CSEs. Response accuracy and RT findings from the compatible flanker condition demonstrated a similar pattern of results to that observed in the literature (Egner, 2007) . However, within the response-incompatible condition a differential pattern of effects was observed, but the classic performance improvement on iI trials over cI trials remained.
Previous findings using response-compatibility manipulations (e.g., Simon tasks) have revealed CSEs similar to those expected during flanker tasks (Egner, 2007) . In the current study, the response-incompatible task combined multiple levels of cognitive control. That is, the response-compatible flanker condition introduced perceptual conflict when flanking arrows were stimulusincongruent to the central target. However, the responseincompatible condition introduced stimulus-response conflict by requiring inhibition of the prepotent response (i.e., responding in the opposite direction of the target arrow) in addition to the inhibitory control requirements associated with perceptual interference and the activation of multiple response mappings. This increased demand for inhibitory control may account for the different pattern of effects in the response-incompatible condition.
Relative to group differences in aerobic fitness, lower-fit children exhibited lower accuracy in the response-compatible cC and iI sequences and response-incompatible iC and cI sequences, suggesting that fitness is selectively associated with different aspects of cognitive control based, in part, on the difficulty of task demands. Lower-fit children also exhibited longer RTs during all response-incompatible sequences (cC, iC, cI, iI), suggesting a generalized relationship between fitness and response speed during conditions placing greater demand on the control over stimulusresponse mappings. In tasks requiring cognitive control, children are typically more impulsive and maintain RT at the cost of accuracy on more difficult trials (Davidson, Amso, Anderson, & Diamond, 2006) . Thus, it is not surprising that accuracy effects were observed between fitness groups across both responsecompatible and response-incompatible conditions, while RT differences were only observed during the response-incompatible condition that required the greatest amount of cognitive control.
The CSEs observed herein replicate prior accuracy results Voss et al., 2011) , indicating that lower-fit children demonstrate overall lower performance during the response-compatible flanker task. That is, lower-fit children exhibited lower response accuracy in cC and iI sequences, which contributes to worse performance in both stimulus-congruent and stimulus-incongruent trials. The reduced response accuracy of cC and iI sequences for lower-fit children may be the result of poorer ability to modulate cognitive control. In addition to the responsecompatible condition, the current findings revealed the relation of aerobic fitness to response accuracy during the responseincompatible condition for sequences requiring the flexible regulation of cognitive control (i.e., cI and iC sequences). These results not only replicated , such that higher-fit children exhibited greater response accuracy compared to lower-fit children during the response-incompatible condition, but also demonstrated that this relationship may be attributed to the increased response accuracy during cI and iC sequences for higher-fit relative to lower-fit children.
Further, the current CSEs on RT are consistent with previous fitness studies, such that no differences in RT have been demonstrated between lower-and higher-fit children in responsecompatible flanker tasks (Chaddock, Erickson, Prakash, VanPatter, et al., 2010; . Although Chaddock, Erickson, Prakash, VanPatter, et al. (2010) reported that lower-fit children exhibited increased interference RT (i.e. incongruent RT -congruent RT) compared to higher-fit children, the study did not demonstrate raw RT differences between the groups. The current findings further revealed that lower-fit children exhibited longer RTs than their higher-fit counterparts during the response-incompatible condition, suggesting that they were less able to flexibly adjust to greater task demands and less efficient at inhibiting incorrect prepotent responses. Given that the current findings show a positive association between aerobic fitness and response accuracy for iC and cI sequences in the response-incompatible condition, it is plausible that children with higher aerobic fitness exhibited a greater capability for online adjustment of inhibitory control relative to their lower-fit counterparts. Additionally, the conflict-monitoring theory has clear predictions regarding the neurobiological underpinnings and holds that the anterior cingulate cortex (ACC) is responsible for monitoring under such environmental demands, while the dorsolateral prefrontal cortex (DLPFC) is responsible for adjustments in top-down cognitive control (Botvinick et al., 2001) . Although speculative, because previous research has indicated association between aerobic fitness and cognitive control through functional changes in ACC (for review see ChaddockHeyman, Hillman, Cohen, & Kramer, 2014 ) the current findings may be explained by increased integration of these systems in higher-fit children, allowing for improved conflict monitoring and possibly more efficient adjustments to varying levels of cognitive control demand, particularly during the most difficult sequences. However, to the best of our knowledge there are no existing studies investigating the neurobiological underpinnings of the feature integration explanation for CSEs.
In the current study, it is impossible to differentiate between the effects described by the conflict-monitoring theory and feature integration hypothesis, and it is likely that both adjustments in inhibitory control (conflict-monitoring theory) and updating of working memory (feature integration) contribute to cognitive control performance during CSEs (Duthoo et al., 2014) . Given that performance accuracy in cC and iI sequences may be associated with feature integration (Hommel et al., 2004; Mayr et al., 2003) from the previous n À 1 trial, the increased response accuracy of response-compatible cC and iI sequences for higher-fit children may be the result of the ability to better modulate inhibitory control, while still benefiting from stimulus repetition. In contrast, lower-fit children engaged in inhibitory control at the expense of potentially blocking the feature integration from the n À 1 trial, fail to benefit from the stimulus repetition of the previous trial (i.e., less flexibility of inhibitory control may lead to over-inhibition of the feature integration on the n À 1 trial). Additionally, because the success in response-incompatible cI and iC sequences may be associated with blocking the feature integration from the n À 1 trial and the additional demand of inhibitory control elicited by stimulus-response mapping compatibility, the increased response accuracy of response-incompatible cI and iC sequences in higherfit children may reflect their ability to more flexibly regulate inhibitory control while inhibiting the prepotent response caused by the feature integration from the n À 1 trial. In contrast, because inhibitory control requirements increased due to the responseincompatible stimulus-response mapping, competition for cognitive resources in lower-fit children may lead to insufficient inhibitory control allocation during feature integration from the n À 1 trial, introducing greater interference during cI and iC sequences and resulting in less accurate responses. However, these interpretations are speculative because little evidence exists to determine the brain regions involved in the feature integration account of CSEs. That being said, the pattern of CSEs in relation to aerobic fitness in the current study still provides preliminary evidence as a basis for future study to investigate the relationship of aerobic fitness with conflict-monitoring and feature integration accounts separately.
Study limitations
To the best of our knowledge, this study is the first attempt to investigate the association of childhood aerobic fitness with modulations in cognitive control using CSEs. However, as indicated above, the task employed does not allow for teasing apart predictions related to the feature integration hypothesis from conflictmonitoring theory, thus future research should explore methods for dissociating between conflict adaptation and feature integration, to facilitate determination of whether aerobic fitness affects these two processes differently. Additionally, neuroelectric measures would help elucidate differences in the allocation of attentional resources during different levels of cognitive control demand between higher-and lower-fit children. Further, the causal relationship between aerobic fitness and trial-by-trial modulation of inhibitory control and working memory cannot be concluded due to the cross-sectional nature of this study, which warrants the need for future longitudinal research. The probability of sequence type varied between 29 and 43 occurrences and future research should have equiprobable representation to minimize the possibility that probability influences CSEs.
General conclusions
In conclusion, the current study used CSEs to demonstrate a beneficial relationship between aerobic fitness and varying levels of cognitive control in preadolescent children. Lower-fit children were less able to utilize aspects of feature integration and adjust for variable levels of inhibition during task conditions requiring relatively less cognitive control. Additionally, lower-fit children were less able to modulate cognitive control while also adjusting to changes in features from trial n À 1 to trial n during the relatively more difficult sequences. As schools continue to provide less physical activity time during the school day Howie & Pate, 2012) and children are becoming less aerobically fit due to increased participation in sedentary lifestyles (Olds et al., 2006; Salmon & Timperio, 2007; Vaynman & GomezPinilla, 2006) , these findings add support to the growing body of literature indicating the importance of aerobic fitness to cognitive health during childhood.
